Brewer and Jagendorf (3) observed that dark preincubation of chloroplasts with 0.5 mm FeCN' caused an inhibition of electron transport which they attributed to a step related to 02 evolution.
was bypassed by addition of the PSII electron donor couple hydroquinone/ ascorbate. It was concluded that preincubation of chloroplasts with ferrcyanide in the dark inhibited electron transport between water and PSII.
Brewer and Jagendorf (3) observed that dark preincubation of chloroplasts with 0.5 mm FeCN' caused an inhibition of electron transport which they attributed to a step related to 02 evolution.
Ikegami and Katoh (10) have found that preincubation of chloroplasts with FeCN slowed down the rise kinetics of fluorescence in the presence of DCMU. This was interpreted as due to oxidation of an internal acceptor during preincubation. Contrary to the interpretation of Brewer and Jagendorf (3), they suggested that the site inhibited is located between the reaction center of PSII and the DCMU-sensitive site.
In the present work, the effects of preincubation with FeCN on electron transport and fluorescence were reinvestigated and compared. We conclude that the interpretation of Brewer and Jagendorf (3) is valid and that the inhibition in the rate of the fluorescence rise is also caused by inhibiting electron flow between H20 and PSII.
MATERIALS AND METHODS Isolation of Chloroplasts. Chloroplasts were prepared from 2-week-old pea seedlings (Pisum sativum L. cv. Kelvedon) by a modified method of Nakatani and Barber (11) . (10) .
The effect of preincubation with FeCN on electron flow at various light intensities is shown in Figure 2 . Inhibition was obtained at all light intensities, and the degree of inhibition was similar in saturating and limiting light.
The effects of various conditions on electron transport and fluorescence kinetics in terms of t1/2 were compared. Electron transport and the kinetics of fluorescence rise were inhibited in a parallel manner as a function of ferricyanide concentration during preincubation (Fig. 3) .
Both the rate of electron transport and the rate of fluorescence rise were inhibited progressively (in parallel) with time of FeCN preincubation (Fig. 4) . Preincubation in the absence of FeCN had little effect on both reactions. Addition of KCI to the preincubation medium enhanced the inhibitory effect of FeCN ( The preincubation medium contained in a volume of 3 ml: 5 mm Hepes, pH 7.9; 100 mm sorbitol; 300 mM KCI; and chloroplasts equivalent to 13 ,ug Chl. FeCN corresponding to a potential of 350 mv. Similar values were obtained for the inhibition of electron flow by Brewer and Jagendorf (3) and by Ikegami and Katoh for the fluorescence change (10) . The fact that the extent of inhibition increased with rise of redox potential indicates that the inhibition is due to an oxidation of a factor involved in electron transport.
In order to localize the possible site ofinhibition, we investigated the effect of FeCN pretreatment on electron flow from DPC (13) to MV in Tris-treated chloroplasts (14) . However, since DPC reduces FeCN chemically, such a system can be used only if the FeCN inhibition can be maintained even after FeCN was removed from the chloroplasts. FeCN was removed by sieving the chloroplasts on a Sephadex G-50 column; (sieving removed approximately 95% of the FeCN). As can be seen from the results of Figure 2 . Table I , the inhibition by FeCN is maintained after its removal.
In this experiment, the specific activity of electron flow from H20 to MV was lowered by FeCN treatment and subsequent sieving, from 476 to 140 ,teq/mg Chl.h. However, FeCN treatment and removal of FeCN by sieving had no effect on electron transport from DPC to MV in Tris-treated chloroplasts (the specific activity was changed from 266 to 258 ,ueq/mg ChlMh). In a separate experiment, it was found that preincubation with FeCN had no effect on the kinetics of the fluorescence rise in Tris-treated chloroplasts using DPC as an electron donor.
The FeCN block could be bypassed by the PSII electron donor hydroquinone. This is shown for NADP reduction (Table II) . The rate of NADP reduction after FeCN preincubation was increased by the hydroquinone ascorbate couple from 11 to 30 pmol/mg Chl.h. The reaction was DCMU sensitive, indicating that it was PSII dependent (Table II) . A similar effect of the hydroquinoneascorbate couple is shown for the fluorescence kinetics. Preincubation with FeCN increased t1/2 (i.e. slowed the rise kinetics) of the Fv from 1.3 to 2.3 s. Addition of hydroquinone and ascorbate decreased tl/2 to 1.7 s (Table III) . Ascorbate alone had no effect; thus, the effect cannot be due to a chemical reduction of ferricyanide by ascorbate.
DISCUSSION
It has been reported previously that preincubation of chloroplasts with FeCN causes a decrease in the rate of rise of the Fv. This effect was explained as being due to oxidation of an acceptor between the reaction centre of PSII and the DCMU-sensitive site (10) . The acceptor, when oxidized by FeCN, could presumably oxidize Q, the primary acceptor of PSII, and inhibit the rise of the Fv. The same explanation was given by Bowes et al (2) (12) . It is possible that movement of anions causes swelling and changes the property of thylakoid membrane, enabling faster penetration of FeCN to its site of action. This is consistent with the location ofthe 02 evolving system inside the thylakoid membrane (4, 8) .
INHIBITION OF 02 EVOLUTION IN CHLOROPLASTS BY FERRICYANIDE
From our studies and from previous work (3, 10) , it seems that the factor oxidized by FeCN (involved in inhibition) has a redox potential in the vicinity of 350 mv. A known carrier present in the chloroplast and having a similar redox potential is Cyt b559 HP (6) . Its involvement in the inhibition may be postulated on the basis of its proximity to the water oxidizing system, its high redox potential, and the lability of its potential to treatments that inhibit water donation (5, 6) . However, the location of Cyt b559 HP in the membrane seems to be near the surface (9) and no lag was seen when oxidized by FeCN (10). Thus, if this factor is oxidized by FeCN preincubation, it presumably leads to other changes which are the direct cause for inhibition of electron flow and decrease in the rate of fluorescence rise. In addition, it should be mentioned that the possible participation of Cyt b559 HP in electron transport is controversial (6) .
The fact that inhibition by FeCN is not reversed by ascorbate, its slow development, and its persistence after removal of FeCN indicates that the damage caused is irreversible and that oxidation by FeCN is probably only the initial step which leads to inhibition of electron flow and inhibition of the rise kinetics of fluorescence.
